Quinone-carbohydrate conjugates of ethylmompain, a pigment of the sea urchin Echinothrix diadema, and its chlorinated analog were synthesized. The cytotoxic activity and contraceptive properties of the synthesized compounds have been investigated using the sperm and eggs of the sea urchin Strongylocentrotus intermedius.
The quinone moiety is present in a number of clinically used anticancer drugs such as anthracyclines, daunorubicin, doxorubicin, mitomycin, mitoxantrones, and saintopin [1] . The cytotoxic effects of these compounds are mainly exerted through DNA topoisomerase-II inhibition [2] as well as semiquinone and superoxide radical formation, with further hydroxyl radical formation and consecutive DNA strand breaks [3] . Several cases in the literature show the benefit to biological activity of a carbohydrate moiety in the structure of a molecule [4] . The importance of exploring the synthesis of sugar-conjugated compounds to increase the selectivity of drug uptake is based on the Warburg effect [5a] , which is related to the ability of cancerous tissues to consume a larger amount of glucose in comparison to normal tissues due to the frequent overexpression of glycolytic enzymes, as well as the insulin-independent glucose transporter . Several substances targeting the Warburg effect are undergoing advanced clinical trials and many others are in preclinical development [6] . [8, 9] Previously we reported on the study of transetherification of juglone 1a,b and naphthazarin 2a-c methoxy derivatives with methyl α-Dglucopyranoside (3) in a basic environment, aiming to prepare their new water-soluble derivatives 4a,b and 5a-c [7a,b] . The basic conjugates 4a,b and 5a induced apoptosis in mouse JB6 Cl41 cells with simultaneous inhibition of p53-dependent transcriptional activity, suggesting that the observed cell death was p53independent [7b].
Ethylmompain (2,5,7,8-tetrahydroxy-6-ethyl-1,4-naphthoquinone) is a quinonoid pigment that was isolated for the first time from Echinothrix diadema [8] and is the side product of echinochrome synthesis [9] . Ethylmompain and its mono-and dimethyl ethers possess a number of biological activities including antioxidant [10a] , cytotoxic [10b], antimicrobial and anticancer [10c] . In this study, we have investigated the transetherification of ethylmompain dimethyl ether 2b and its chlorinated derivative 2d with 1,2-Oisopropylidene-α-D-glucofuranose (6) under basic conditions. It was found that the conjugates 7a,b are the main products of this reaction (Scheme 1). Functional group deprotection of compounds 7a,b with 1% HCl gave free glucoconjugated mompain derivatives 8a,b as mixtures of α-and β-anomers. Compounds 7a,b and 8a,b were prepared for the first time. The chemical structures of the synthesized compounds were confirmed by spectroscopic data.
The goal of the present investigation was to determine the cytotoxic and contraceptive activity of the prepared conjugates 7a,b and 8a,b and starting compounds 2b,d on sperm and unfertilized and fertilized eggs of the sea urchin S. intermedius that are widely used in biological tests owing to the synchronicity of their fertilization and development [11a,b] . We have previously used fertilized eggs of S. intermedius to determine the cytotoxic activity of hydroxy-, methoxy-, chloro-and pyranonaphthazarins and established that the halide atoms have a decisive effect on the biological activity of the chlorinated derivatives [10b, 11c] .
The results of this study are given in Tables 1-3. As shown in  Tables 1 and 2, almost all tested compounds exhibited weak cytotoxic activity (300-650 μg/mL). The one exception was the isopropylidene derivative 7b that had a cytotoxic action on fertilized eggs of the sea urchin at a lower concentration (95 μg/mL). This concentration was 3-5 times lower than for the other compounds 2b,d, 7a and 8a,b and 18-25 times lower (25 μg/mL) on addition at the blastula stage (Table 2) . Compound 2d had cytotoxic action on addition to the incubation mixture at the zygote stage at a concentration of 300 μg/mL ( Table 1 ). Addition of this compound at a concentration of 650 μg/mL at the blastula stage had no cytotoxic effect on developing embryos (Table 2) , but after 12 h of Scheme 1. The transetherification of ethylmompain dimethyl ether 2b and its chlorinated analog 2d with 1,2-O-isopropylidene-α-D-glucofuranose (6) . Reagents and conditions: (i) MeONa, DMSO, 85 С, 2 h (7a: 60%, 7b: 90%); (ii) H 2 O, HCl (pH5-6) 25 C, 1 h (8a:: 78%, 8b: 94%) 
165±37.5 (L) 76.5±7.0 (L) bl -blastomere, L -lysis of blastomeres, an -anomalies. a Minimal effective dose stopping division and causing mortality of fertilized eggs. b Concentration causing mortality of 50% of embryos in 1 day 
All compounds added to incubatory mixture at a stage an average blastula (hatching). L -lysis of blastomeres, an -anomalies. a Minimal effective dose causing mortality of fertilized eggs. b Concentration causing mortality of 50% of embryos in one day incubation (in the early pluteus stage), the presence of compound 2d in the incubation medium at this concentration caused mortality and lysis of embryos. It was shown that this compound at a concentration of 135 mg/mL during the day caused the mortality of 50% embryos.
In contrast with known cytostatics, which block division of sea urchin eggs immediately after addition [11d,e], the inhibitory action of the tested compounds was evident immediately at the one blastomere stage and at earlier development stages during the whole incubation period. Contrary to the starting compound 2d and quinone-carbohydrate conjugate 8b, the cytotoxic activity of the isopropylidene derivative 7b was very much more pronounced (Tables 1,2).
One of the indicators of the effect of the compounds on sea urchin sperm and eggs was the fertilizing capacity of the gametes. It is known that sea urchin eggs are insensitive to most toxins, in contrast with spermatozoids [12] . It is noteworthy that the concentration of all tested compounds inhibiting fertilization of sea urchins upon addition to sperm was much lower than for addition to eggs ( Table 3 ). After the treatment of sperm these compounds had an impact on fertilization at lower doses than those causing a cytotoxic effect. Of the studied compounds, isopropylidene derivative 7b, which had the highest cytotoxic activity, was the most active agent influencing the process of fertilization after addition to spermatozoids After hydrolysis of conjugate 7b, the received mixture of anomers 8b, though having weak cytotoxic activity (Tables 1, 2) , considerably influenced the fertilization ability of sea urchins after addition to sperm ( Table 3 ). The addition of all studied compounds to unfertilized eggs exerted an impact on the fertilization ability of sea urchin only at high doses (Table 3) , practically the same as for cytotoxic action (Tables 1, 2). 
Minimum concentration inhibiting fertilization of eggs. b Concentration inhibiting fertilization of eggs by 50%. c Concentration inhibiting fertilization of eggs by 100%
In conclusion, in this study we presented the synthesis of quinonecarbohydrate conjugates of ethylmompain and its chlorinated analog. In the presented group of compounds isopropylidene derivative 7b is the most active compound, exhibiting a cytotoxic effect at low doses compared to conjugates 7a and 8a,b and starting compounds 2b,d, and influences the fertilization of sea urchins. All studied compounds are able to block spermatozoids at 4-40 times lower doses than those having a cytotoxic effect and may be used as contraceptives.
Experimental
General: MP, Boetius apparatus; IR, Bruker Vector 22 spectrophotometer; 1 H and 13 C NMR, Bruker Avance-III-500 HD and Avance-III-700 spectrometers at 500 and 125 MHz, and 700 and 176 MHz, respectively; MS, AMD 604S spectrometer (direct sample inlet, ionizing energy 70 eV and elevated temperature). The course of reactions was monitored and the purity of the compounds obtained was checked by TLC. Merck Kieselgel 60F-254 plates were preliminary treated with 0.05 M tartaric acid in MeOH and dried at 50 o C for 2-3 h; 3:1 n-hexane-acetone mixture was used as eluent. Preparative TLC and CC were performed on silica gel (Chemapol), 5/40 and 40/100 μm, respectively, using n-hexaneacetone. Yields were not optimized. Ethylmompain dimethyl ether 2b [13a] and 1,2-O-isopropylidene-α-D-glucofuranose (6) [13b] were synthesized according to described methods. Hydrogen and carbon atoms of quinone and furo [3,2- 
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Synthesis of transetherified compounds 7a,b (general method):
A mixture of the corresponding quinone (1.5 mmol), 1,2-O-isopropylidene-α-D-glucofuranose (6 mmol), DMSO (4 mL) and 3 drops of saturated MeONa in MeOH was stirred at 85ºС for 2 h. After being cooled the reaction mixture was diluted with water (50 mL) and acidified to pH 5-6 (with 5% HCl). Then the mixture was extracted with EtOAc, and the organic layer was dried over anhydrous Na 2 SO 4 , concentrated and the product isolated by preparative TLC (hexane-acetone, 1:1). Ethyl-5,8-dihydroxy-2-((R)-2-hydroxy-2-((3aR,5S,6S,6aR)-6-hydroxy-2,2-dimethyltetrahydrofuro[3,2-d][1,3] 
6-

Hydrolysis of compounds 7a,b (general method):
A mixture of the corresponding conjugates (0.05 mmol), ethanol (1 mL) and 1% HCl (10 mL) was stirred at 90ºС for 1-4 h. After being cooled the reaction mixture was diluted with water (50 mL) and extracted with EtOAc. The organic layer was dried over anhydrous Na 2 SO 4 , concentrated and the product isolated by preparative TLC (benzene-chloroform-methanol, 3:2:1). -5,8-dihydroxy-7-methoxy-2-((2R)-2-hydroxy-2-((2R,3R,-4R)-3,4,5-trihydroxytetrahydrofuran-2-yl)ethoxy)-1,4-naphthoquinone 8a (α-and β-anomers, 1:1 
6-Ethyl
Cytotoxic activity:
The cytotoxic activity of the quinonecarbohydrate conjugates was studied using fertilized egg of the sea urchin S. intermedius that were collected in the Peter Great Bay (Sea of Japan). Male and female gametes and further fertilization of sea urchin were carried out according to the published method [13c,d] . Compounds at various concentrations (5-650 μg/mL) were added to the incubation mixture 3-5 min after fertilization of egg cells during the zygote stage (variant 1, Table 1 ). In variant 2 the substances were added to the already developing embryos at the blastula stage (hatching and active initial movement of embryos) at the same dosage. The mixtures of fertilized eggs and tested conjugates were incubated in an open tank with filtered seawater for 24 h at 20ºC [13e] to the late gastrula stage (18 and 19 stages according to [13c] ). The incubation mixture contained a solution of the studied compound in DMSO (0.01 mL) or DMSO (0.01 mL, control) and 0.99 mL of the fertilized egg suspension (2.5×10 3 cells per mL of seawater). The action of compounds was observed using a Motic 01M microscope and visual determination of the conditions of fertilized eggs and embryos by comparison with a control (embryos in seawater and embryos in seawater with 1% DMSO). The cytotoxic action of the quinone-carbohydrate conjugates was estimated from their ability to block or inhibit division of fertilized eggs, lysis of blastomeres, anomalies and delay of embryo development [13e] for 1.5-24 h after fertilization or adding substances.
Determination of fertilizing ability of sea urchin S. intermedius:
The fertilizing capacity of sperm, as well as the fertilization ability of eggs of the sea urchin, was determined in 12-well plates (Biolot). A suspension of sperm (0.99 mL, 15×10 7 sperm/mL of seawater) or unfertilized eggs (0.99 mL, 2.5×10 3 /mL of seawater) was treated with a DMSO solution of the compound (0.01 mL) at various concentrations (1 to 650 μg/mL) or 0.01 mL of DMSO (control) and incubated for 30 min. Then, the sperm suspension with the compound was treated with unfertilized eggs (0.1 mL, 2.5×10 4 /mL), the egg suspension with compound with sperm (0.1 mL, 15×10 6 sperm/mL). The mixtures were incubated for 30-60 min. The minimum concentration inhibiting fertilization of eggs and the concentration inhibiting fertilization of eggs by 50% and 100% were determined (MED, IC 50 and IC 100 , respectively). The action of the quinone-carbohydrate conjugates at concentrations >650 μg/mL was not investigated. All experiments on the cytotoxic effects and the influence of test compounds on sea urchin fertilization were carried out simultaneously under the same conditions on the same batch of oocytes. The article presents results of 3-7 replicates of three different experiments with repetitions of each concentration. The accuracy of the results was estimated using ANOVA and the Student's t-test, with a probability p≤0.05. Statistical analysis was performed in Statistica 6.0 (StatSoft).
